that of the phosphoribose pyrophosphokinase. In the latter case Kornberg (6) suggested that the enzyme catalyzes a nucleophilic attack of oxygen atom in R-5-P on the middle phosphorus atom of ATP with the displacement of AMP (Fig. 2) .
From the experimental results so far available, however, it is still impossible, in either of these two cases, to distinguish bet ween the following two possibilities.
First, the enzyme catalyzes, after combination with both substrates, the nucleophilic attack of oxygen atom in hydroxyl group on the middle phosphorus in ATP. The second possibility is that a negative group on enzyme protein first makes a nucleophilic attack to form PP enzyme complex, with subsequent displace ment of enzyme by acceptor molecule, thus in the case of thiaminokinase:
The isotope exchange between AMP-C14 and ATP in the absence of thiamine will provide information on this point. It is also supposed in the foregoing argument, on the analogy of many other transphosphorylating enzymes, that P-O bond will be cleaved as indicated in Fig. 2 . However, direct evidence must await O18 experiments.
Other two reactions have so far been reported to involve the pyrophosphate deriva tives as activated form. One is dimethylallyl pyrophosphate which participates in the biosynthesis of cholesterol.
This compound is now known to be derived from mevalonic pyrophosphate which is formed by two-step phosphorylation and not by one-step pyrophos phorylation (23). The other example is the case of OMP-pyrophosphate which condenses with Th-P to form thiamine monophosphate (24-30). From the recent report of Kawa saki et al. (27) , it seems likely that the synthesis of OMP-pyrophosphate also takes place by two-step phosphorylation rather than one-step pyrophosphorylation.
Recently, the pathway of biosynthesis of TDP from OMP and Th was studied by several groups of investigators.
Nose et al. (26, 28) and Leder (25) supposed that OMP PP will react with Th-P to form TMP which is then phosphorylated by ATP to form TDP. They proposed, therefore, a pathway which exclude free thiamine as an intermediate in 
